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We describe a method for rapid and specific measurement ofthiocyanate inserum orurine. We separate thiocyanate from interfering compounds by adsorbing iton an anionexchange resin that has special affinity for thiocyanate, then eluting with sodium perchlorate. The eluted thiocyanate is quantified by a modified KOnig reaction, sodium hypochlorite being used as the chlorinating reagent. Analytical recovery of thiocyanate added to serum and urine was quantitative; the coefficient of variation was 2.3% for both within-day and between-day precision. Cyanide and certain antibiotics interfere, but may be eliminated by including additional washing steps in the usual procedure. The proposed procedure was compared with another method, based on the oxidation of thiocyanate to cyanide. Agreement was satisfactory, both for serum and urine. is first converted to a cyanogen halide. 'Fhe latter then is reacted with pyridine to produce glutaconic aldehyde, which is coupled with a primary amine or a compound containing reactive methylene hydrogens to form a dyestuff. Aldridge (3) used bromine water to convert thiocyanate to cyanogen bromide, sodium arsenite to remove excess bromine, and benzidine as the coupling compound. This method thus involves the use of a fairly toxic compound (sodium arsenite) and a highly carcinogenic amine (benzidine). Although benzidine may be replaced by the less carcinogenic p-phenylenediamine (6), this method reportedly gives inaccurate results when applied to urine (8 (11) , but this method requires fairly large sample volumes and its specificity has not been documented.
We describe here a new method for determination of thiocyanate in biological fluids, based on the high affinity of thiocyanate to the weakly basic anion-exchange resin Lewatit MP 7080 (12) . 'Fhiocyanate is thus separated from interfering compounds and is then determined with a new modification of the Konig reaction, where sodium hypochlorite is used for halogenation and barbituric acid is used as the coupling agent.
Materials and Methods

Materials
"Econo-Columns" (Bio-Rad Laboratories), 0.7 cm i.d. and 4 cm long, were used for the chromatographic step.
Ion-exchanger.
Lewatit MP 7080, 100-200 mesh (Merck AG, Darmstadt, Germany; supplied in the U.S. by EM Laboratories, Elmsford, NY 10523) is washed with water and suspended in hydrochloric acid, I mol/L. The resin is filtered on a suction filter and washed with water until the pH of the washings is 4.5 or greater. The resin is then spread out on a glass disk and dried at 100 #{176}C for 12 h. It is then suspended in water and left to stand for at least 15 mm. The water is decanted off and the resin resuspended in an equal volume of sodium hydroxide, 1 mol/L. After 15 mm the resin is washed with water until the washings attain a neutral PH; it then is ready for use. If the pretreatment of the resin according to the description given above is omitted, blank values are higher.
Reagents
The reagents were prepared from de-ionized water and analytical-grade chemicals unless otherwise specified. 
Results
Chromatography
The present procedure is based on a previous observation 
Color Reaction
Preliminary experiments demonstrated that the concentration of sodium hypochiorite used in the chlorination step is not critical; it could be decreased 10-fold or increased twofold from that of the final procedure without significant effect on the results. However, the reaction should be performed under acid conditions and hypochlorite is practically instantaneous (Figure 3 ), but the product formed slowly decomposes. Consequently, the reaction interval in this step should be kept short.
The concentrations of the components present in the barbituric acid-pyridine reagent were optimized in preliminary experiments, but are not critical. Maximum absorbance was reached 3-4 mm after this reagent was added, then slowly decreased ( Figure 4 ). In agreement with an earlier report (5), we found that the absorption maximum of the chromogen is located at 580 nm.
Other Analytical Variables
Precision and recovery.
The within-day precision of the method was evaluated by analyzing 12 aliquots of a urine sample. The result obtained, 56.6 ± 1.29 mol/L (mean ± SD), corresponded to a coefficient of variation of 2.3%.
Between-day precision was determined as follows. One urine sample was divided into portions, which were stored at -18 #{176}C and analyzed (in duplicate) during six months. The average urine concentration was 58.9 imol/L (SD, 1.37
.tmol/L; CV, 2.3%). The recovery of thiocyanate, 50 zmol/L, added in duplicate experiments to a serum sample containing 59.8 imol of thiocyanate per liter was 100 and 101%; the recovery of thiocyanate, 100 zmolIL, added in duplicate to a urine sample containing 87.0 itmol of thiocyanate per liter was 99.5 and 100%.
Specificity.
Cyanide behaved like thiocyanate in the present modification of the Konig reaction and was not sep- arated from thiocyanate in the chromatographic step. However, we found that the interference caused by cyanide could be eliminated by washing the ion-exchange column twice with 5 mL of HC1, 0.1 mol/L, before elution with sodium perchlorate. It was not necessary to include this washing step in the routine procedure, because the concentration of cyanide in serum or urine is exceedingly low (6). Nitroprusside did not interfere in the present method, although this ion contains complex-bound cyanide. Certain compounds normally present in body fluids were also tested for possible interference at concentrations encountered in urine. The following compounds neither gave any absorbance when added alone to the assay nor affected the absorbance given by thiocyanate: sodium chloride, ammonium chloride, creatinine, glycine, and methionine. Some commonly prescribed drugs-salicylic acid, ascorbic acid, and thiamine-also did not interfere in the present method at concentrations found in urine after normal doses. This also applied to the antibiotics chioramphenicol and tetracycline. Unexpectedly, however, the antibiotics benzylpenicillin, cloxadillin, and cephalothin caused a positive interference at a concentration of 2 g/L. Although the absorbancy of these compounds was, on a molar basis, only 2-4% of that given by thiocyanate, administration of high doses of these antibiotics to a patient may result in concentrations in urine that can significantly interfere. This interference can be eliminated by washing the ion-exchange column three times with 5-mL portions of ammonium chloride, 4 mol/L, before elution with sodium perchlorate. These washing steps were not included in the routine procedure, but should be used when urine samples from patients receiving these antibiotics are analyzed.
Method Comparison
To further validate our method, we analyzed serum ( Figure   5 ) and urine ( Figure 6 ) samples by the present method and by a previously described modification 
Values for Normal Nonsmoking Subjects
The mean concentration of serum thiocyanate from 20 apparently healthy nonsmoking subjects (10 men and 10 women, no sex-related difference observed) as determined by the present method was 42.5 tmol/L (SD, 17.1 imol/L). This value agrees well with values previously reported (2, 8 Thiocyanate is a detoxication product of cyanide, and determinations of thiocyanate in serum or urine have consequently been used for monitoring exposure to hydrogen cyanide from tobacco smoke (2, 6, 17) or fire atmosphere (18) . Measurements of serum thiocyanate have also been advocated for supervising therapy with sodium nitroprusside (19) , a hypertensive drug that is metabolically converted to cyanide.
The present method should find similar applications, and represents a significant improvement over earlier methods based on the Konig reaction. We use sodium hypochlorite as a halogenating agent, which is superior to other compounds used for this purpose, such as bromine or Chloraniine T. Any bromine remaining after its reaction with thiocyanate interferes in the following step and must be removed with arsenite (3), whereas the reaction between Chloramine T and thiocyanate is fairly slow unless catalyzed by ferric ions (7) . Another advantage of the present method is that deproteinization of serum is not required.
The positive interference given by penicillins and cephalothin in the present method must be considered, when urine samples from patients receiving these drugs are analyzed. However, it may easily be eliminated as described. This is of no concern when serum is analyzed, because the concentrations in serum reached by these antibiotics are much lower than those found in urine. Incidentally, we observed that benzylpenicillin gave a positive interference in a method in which the Konig reaction is directly performed on the sample (6), but not in a method where thiocyanate is first oxidized to hydrogen cyanide (5).
